Abstract Groundwater is widely used as a source of drinking water in many rural areas of Morocco. Among those areas, there is Beni Meskine that is known for its residents' high fluoride intake through drinking water. Many symptoms such as dental caries, teeth and skeletal effects are frequent and pronounced in this rural population. The objective of this study is to determine fluoride content in groundwater consumed by the local population and animals. A total of 152 samples were collected at different groundwater depths, and they were analyzed for fluoride, pH, and electrical conductivity. The concentrations of fluoride obtained by ion selective electrodes were in a range from 0.61 to 3 mg/L, and the highest values were attained in the plateau area of Beni Meskine, that is already known for its high fluoride concentrations. This part of the country is richer in phosphate rock compared to other regions. Fluoride content in drinking water varied with the wells' depth: samples from wells deeper than 80 m show fluoride concentrations lower than the standard recommended by WHO, but the deeper the water in the wells, the higher the fluoride content. Fluoride levels in the groundwater were positively correlated with conductivity but negatively related to the water depth. In conclusion, the occurrence of fluorosis in human and animals may be reduced if the drinking water in rural areas is extracted from a depth in a water table of more than 80 m deep.
Introduction
Groundwater is the main source of water in many dryland areas of Morocco. Such water is the essential component for sustaining life and the environment. The presence of various hazardous contaminants like fluoride in underground water has been reported from different regions in the world and particularly in Morocco (Khouribga and Safi) (Abdennebi et al. 1995; Haikel et al. 1989) . Water fluoride concentration depends on many factors such as the size and the type of geological formation through which ground water is circulating, pH, temperature, and solubility. Fluoride concentration in seawater averages 1.3 mg/L, while in fresh water supplies, the natural range is between 0.01 and 0.3 mg/L. Groundwater recharge takes place by direct infiltration of rainfall and to a lesser extent from influent streams and rivers. Several efforts have been made to improve the availability of drinking water in Morocco, though part of the population still uses water wells provided for domestic purposes, whose quality is unknown. The WHO established a maximum acceptable concentration of 1.5 mg/L for fluoride in drinking water (WHO 2004) . The adequate intake for fluoride from all sources is set at 0.05 mg/day/kg body weight; this intake is recommended for all ages greater than 6 months (WHO 1997) .
The principal sources of fluoride to man and animals are drinking water, vegetation grown on fluorotic soils, dust in air, and certain industrial processes (Sompura 1997) .
Fluoride was found naturally in many minerals in the environment, particularly in fluorspar, apatite, mica rock phosphate and cryolite that have commercial importance (Murray 1986) . Fluoride is an essential oligo-element to normal mineralization of bones and formation of dental enamel. However, at high doses, fluoride cause intoxication as a chronic manifestation in bone, kidney, the nervous system and especially in dental processes. Dental fluorosis is a lesion of hard tissue due to excessive intake of fluoride during the mineralization of the crowns of the teeth characterized by caries; teeth display brown to black staining and discoloration or opacity around the edges during the tooth calcification (Dean 1938) . Skeletal fluorosis can also be observed after prolonged ingestion of high amounts of fluoride, which can cause pain, and damage to bones and joints. In the worst case, other signs include rigidity of the vertebral column, impairment of articular movements and calcification of ligaments and tendons (Brower et al. 1988) .
According to the local population of Beni Meskine, more than 70% of residents as well as animals use well water, which is regarded as the main daily contributor to fluoride intake (Maadid et al. 2016) . Livestock suffers from fluorosis that cause an important economic damage for the local farmers. This study aimed to analyze the groundwater fluoride content of different well depths and that used for drinking water in rural areas of Beni Meskine territory by using a fluoride selective electrode.
Materials and methods

Profile of the study area
Beni Meskine is one of the dryland areas of the North-West of Morocco (Fig. 1) , which is composed of 12 communal divisions. It has an area of about 2000 km 2 , between the longitude 32°N, and latitude 7°S, and an altitude that varies between 300 and 500 m. A total population of about 120,000 inhabitants and about more than two million heads of sheep with a few thousand cattle, donkeys, and goats suffer from fluorosis. This high fluoride content in this part of Morocco is highly related to the geological structure that encloses high phosphate mining in the future. Groundwater consumption in this area increases particularly in the summer season, where heat exceeds 40°C. Fluorosis causes a great economic damage to sheepherders because of teeth loss and affects negatively sheep performance.
Sample collection
A total of 152 water samples were collected, and the sampling took place in the period between October and November 2014 using a GPS ''Global Positioning System'' of Garmin with an accuracy of 2.9 m. Each sampling point had geographical coordinates (North, West) and was projected by the ArcGIS software on the map of Beni Meskine (Fig. 1) .
For each sample, a volume of 500 mL was collected in clean and sterile polyethylene bottles and stored in an icebox at 4°C for laboratory analysis. Field measurements was made for pH, electrical conductivity, and fluoride.
Laboratory analysis
All measurements were made at 25°C by a fluoride portable meter (model HI 98402) with a specific ion electrode F combined with a reference electrode (Ag/AgCl). This method can be used for measuring total solubilized fluoride in drinking water. The advantage of this method is its simplicity and speed of response in a wide range of concentrations of fluoride ion with an error of ±5%. Sodium fluoride (NaF) was used to prepare standard solutions (1000 mg/L F) and (100 mg/L F). Standards and samples were mixed 1:1 with a total ionic strength adjustment buffer (TISAB). The method detection limit is 0.5 mg/L. Fluoride concentrations from 0.025 to 500 mg/L may be measured. Each sample was analyzed three times. A HANNA pH 211 m and a conductivity BRIDGE Model 31 measured the pH and electrical conductivity, respectively.
Statistics
One-way analysis of variance (ANOVA) and the Pearsontest were used to obtain statistical analysis regarding the fluoride level in water in different areas. Differences were considered statistically significant when the p value was 0.05.
Results
The groundwater had no color, odor and turbidity at most of the locations. Taste of the water was fresh to slightly salty. The results of chemical analysis are listed in Table 2 .
Fluoride The concentration of F ranged from 0.61 to 3 mg/L with an average of 1.51 mg/L in the study area (Table 2) . At most of the locations, fluoride concentration was higher than the permissible limit with drinking water standards (Moroccan and WHO). Whereas, some samples were within the permissible limit.
The fluoride content varied with the source location. The analysis highlights that 5% of wells had fluoride content lower than 0.7 mg/L, whereas 20% contained between 0.7 and 1 mg/L. In addition, 33% of wells had a content between 1 and 1.5 mg/L, and, finally, 42% represented the samples higher than 1.5 mg/L. The results are displayed in Fig. 2 and on the map of Beni Meskine (Figs. 3, 4) . The analysis of variance showed a statistically significant difference (p B 0.05) between the measured potential values corresponding to the different parameters analyzed (pH, fluoride, and electrical conductivity). We used after ANOVA, the Pearson correlation test to prove how well one variable predicts the other. The correlation coefficient is a usually used measure to establish the relationship between two quantitative variables; the results are given in Table 1 .
The correlation showed that fluoride displayed good positive correlations (q = 0.34) with conductivity and negative correlation with depth (q = -0.43). However, there is no correlation between pH with depth, fluoride and conductivity. According to the negative correlation between depth and fluoride, it indicates that as depth variable increases, the other fluoride variable decreases. Based on this data, the first remark that seems interesting, it that wells with a depth over 80 m have fluoride concentrations less than 1 mg/L.
pH The pH values of the groundwater samples ranged from 6.68 to 8.43 with an average of 7.7 (Table 2 ). This shows that the groundwater of the study area is mainly alkaline. According to the WHO, The safe limit of the pH lies between 6.5 and 8.5. The results indicate that the samples are within the permissible limit and do not cause any problem for human consumption. Furthermore, pH exhibits no significant correlation with any one of the depths (q = -0.01), fluoride (q = 0.08) or electrical conductivity (q = 0.13).
Electrical conductivity (EC) The average is 1450 lS/cm with extremes between 270 and 4130 lS/cm ( Table 2) . The World Health Organization adopted the electrical conductivity between 450 and 1500 lS/cm. Hence, 35% of samples were not within the permissible limit of electrical conductivity. Higher values were generally noticed in the northeastern area (phosphate area).
Discussion
The pH of the samples (6.68-8.43) is not exceeding 8.5 which is the permissible limit recommended for drinking water according to the WHO (WHO 2000) . Results in the laboratory indicated that alkaline pH (7.6-8.6) is favorable for fluoride dissolution to groundwater from fluoride minerals (Saxena and Ahmed 2001) . Thermal waters of high pH are also rich in fluoride (Edmunds and Smedley 1996) . The majority of well water samples (95%) exceeded the standard limit used in Morocco (0.7 mg/L) (SGG 2002) , while 42% exceeded the permissible limit set by the WHO (1.5 mg/L). In addition, the analysis highlights that for the water, which presents the highest content of fluoride ([1 mg/L), there are consequently the areas where fluorosis has the most widespread pathology. Host rock containing fluoride minerals may explain the anomalously high concentrations in groundwater (Wenzel and Blum) Wenzel and Blum 1992.
Dental fluorosis was found in the area where the fluoride concentration in the drinking water was 1 mg/L. This study shows that the recommended upper limit of 1.5 mg/L fluoride in the drinking water is not suitable to prevent dental fluorosis in Beni Meskine. If we consider that the water consumption per adult per day is 2 L, the fluoride ingested dose is 0.09 mg/kg/day in the area; the water has 3 mg/L of fluoride. this value of ADI (acceptable daily dose) exceeds the safety limit set by the WHO, which is 0.05 mg/kg/day (WHO 2011) . Fluorosis is related to the ecology of this region whose inhabitants have a special land and lifestyle; the hot and arid climate leads to high water consumption and accumulation of fluoride in the body. Fluoride can be provided also by food such as tea, dates and green vegetables (Galagan and Lamson 1953) .
In Morocco, few studies examining the fluoride content in natural matrices and fluorosis were published. According to previous investigations, some work found high concentrations of fluoride in water (1.6 mg/L) in Safi (Kessabi et al. 1984) , whereas, the highest value in Khouribga was 1.15 mg/L (Haikel et al. 1986) .
In Nigeria, studies have revealed that a prevalence of 51% for a rate of 0.1-0.4 mg/L of fluoride in water (ElNadeef and Honkala 1998; Wenzel and Blum 1992) and Tanzania; one study has been reported of severe dental lesions with fluoride concentrations of 0.4 mg/L (Mabelya et al. 1992) .
Our study shows that with a content of 3 mg/L, prevalence of fluorosis is 100% in Beni Meskine. This may explain that fluorosis depends not only on the fluoride content in drinking water but also on so many factors like nutritional status (Malde et al. 2011 ) weather (Brower et al. 1988b ) and altitude (Murray and Wilson 1948) .
Conclusion
This study managed to sketch a map of fluoride content in well waters in the region of Beni Meskine, thus allowing assessing the concentration of fluoride in the main source of drinking water for the local population and livestock. Such water is out of control, and exposes the locals to several health risks, including dental and skeletal fluorosis, namely in the case of high levels of fluoride in the phosphate area. Such health risks should be taken into account for imposing emergency measures of defluoridation of water abstracted from wells in the region of Beni Meskine. 
